The purpose of this study was to investigate the relationship between the both lower limb muscle asymmetry during sit-to-stand (STS) and spatiotemporal gait asymmetry in subjects with stroke. Twenty-nine patients were included in this study, lower limb muscle (rectus femoris, tibialis anterior, gastrocnemius) asymmetry during STS, five times sit-tostand (FTSTS) and spatiotemporal (speed, step length, step time, swing time, stance time, single support time) gait asymmetry were measured. According to the results of the measurement, significant positive correlations between gastrocnemius and rectus femoris asymmetry during STS and step length asymmetry. Furthermore, significant positive correlations between rectus femoris asymmetry during STS and step time asymmetry. In addition, significant negative correlations between the FTSTS and gait speed. This study's results suggested that necessary to apply exercise that the gastrocnemius and rectus femoris symmetry during STS for improving step length and step time symmetry of gait, and necessary to apply exercise that increase STS speed for gait speed.
INTRODUCTION
Stroke usually results in hemiparesis or muscle weakness contralateral to the cerebral lesion, increased abnormal muscle tone, and deficit of coordination (Geyh et al., 2004) . Muscle impairments on the paretic side are associated with limitations in activities of daily living (ADL), such as walking (Nasciutti- Prudente et al., 2009 ) and sit-to-stand (STS) (Bohannon, 2007) . Asymmetric dynamic posture and movement is the most prevalent locomotor deficit associated with stroke-related hemiparesis (Winstein et al., 1989) . Weight-bearing asymmetry has been linked to impaired motor function and the standing balance problems of stroke patients (Pyöriä et al., 2004) . Impaired motor function may be a result of muscle weakness or abnormal tone causing difficulty in muscle use and leading to increased postural sway, thus leading to an increased risk of falling (Chitra and Mishra, 2014) .
The STS task is considered a necessary condition for upright movement and for performing other important daily activities such as locomotion (Bohannon et al., 2008) . Thus, STS performance is fundamental for independence (Janssen et al., 2010) . The quadriceps considered a primary motor muscle of the STS task because it promotes knee extension and contributes to hip flexion and stability (Khemlani et al., 1999) . The tibialis anterior (TA) is important during the initial phases of the STS to stabilize the foot on the ground, the soleus seems to have an important function in postural adjustments at the end of the STS (Lomaglio and Eng, 2005) . Electromyography (EMG) activity of the quadriceps, TA, and soleus muscles in the less affected lower limb was higher than that in affected lower limb during STS task in stroke patients (Prudente et al., 2013) . Stroke patients exhibit asymmetrical weight bearing during the STS, placing approximately 41.5% less load on the paretic leg, and this asymmetric pattern affects gait performance (Chou et al., 2003) . After stroke, many people have difficulty standing up and walking independently, due to motor impairments such as weakness and poor coordination (de Sousa et al., 2019) . flicted by stroke (Algurén et al., 2010) . Functional gait is an important factor in ADL (Tomoyuki and Shigeru, 2010) . The ability to walk is determined by several factors, including balance, motor function, and endurance, and is affecting by impairments in muscle strength, sensory function, and other factors (van de Port et al., 2008) . The slow walking speeds commonly observed following stroke are associated with marked temporal and spatial interlimb asymmetries (Patterson et al., 2010) . A major characteristic of hemiplegic gait observed in stroke patients is walking asymmetry, which may increase the risk of falls (Yen et al., 2015) . Spatiotemporal gait asymmetry was correlated with muscle weakness (Hsu et al., 2003) .
Therapists are aware of the importance of STS and walking after stroke, and the relationship between STS ability and walking performance has been investigated in several studies. However, studies on the relationship between STS asymmetry and gait asymmetry are lacking. Therefore, in this study, investigated the relationship between both lower limb muscle asymmetry during STS and spatiotemporal gait asymmetry in subjects who had a stroke.
MATERIALS AND METHODS

Participants
This study included 29 patients with stroke. All subjects had been treated to rehabilitation. The inclusion criteria were: (a) diagnosis of cerebral hemorrhage or cerebral infarction, (b) a minimum of 6-month poststroke, (c) able to independently the sit-tostand and the walking, (d) able to understand both verbal and written information during testing procedures. The exclusion criteria included other orthopedic conditions and neurological disorder. Written informed consent was obtained from all participants and all protocols were approved by the Ethics Committee of the Kaya University (Kaya IRB-264).
STS measurement
STS maneuvers were performed from a chair without an arm rest at 43 cm in height and 47.5 cm in depth. STS began when a verbal signal from the tester. EMG activities of the three muscles on the both lower limbs during STS were recorded using surface Te-leMyo 2400T (Noraxon Co., Scottsdale, Arizona, AZ, USA) and pairs of silver-silver chloride disposable electrodes with a diameter of 3 mm (EL 503, Biopac systems Inc., Goleta, CA, USA). The root mean square values of the raw data were calculated for 250 samples. The EMG activity recording period of 5 sec. The threes in each lower limb, were positioned over the muscle fibers of the rectus femo-ris (RF), TA, and the medial gastrocnemius (GCM) of both lower limbs (Hermens et al., 2000) . EMG data were normalized to reference voluntary contraction (RVC), the RVC testing was performed in subjects positioned in the quiet standing. The data obtained from each trial were expressed as a percentage of the RVC.
Five times sit-to-stand test
The five times sit-to-stand (FTSTS) test measured the time taken to complete five repetitions of the STS. The examiner demonstrated the correct technique for performance of the test. Participant was instructed to stand up and sit down as quickly as possible for 5 times, to place participant's hands on lap and do not use them during the procedure. The timing began when the examiner spoke the "go" and stopped once the back touched the backrest. Participants performed three repetitions, a 1-min rest was given between trials to prevent fatigue.
Gait measurement
Temporal and spatial parameters of gait were collected using the GAITRite (CIR system Inc., Franklin, New Jersey, NJ, USA). GAITRite is an electronic walking mat that has a walking area of 90-cm width and 460-cm length. Data were stored in a personal computer that calculated spatial and temporal parameters using application software. For the walking measurement, an examiner showed an example and let the participants walk. Walking began 2 m in front of the walking mat upon a verbal signal from the tester. All participants walked 3 times and walking speed, step length, step time, swing time, stance time, and single support time were measured. The average of the three measurements was used for the analysis.
Asymmetry ratio calculation
This study evaluated the muscle activation (RF, TA, GCM) of both lower limbs during sit-to-stand and the gait parameter (step length, step time, swing time, stance time, and single support time). To compare the asymmetry of the affected and less affected lower limbs, asymmetry ratio values were calculated using the following equation (Hsu et al., 2003) :
Asymmetry ratio=|1-affected side/less affected side|. A larger value of ratio indicates higher asymmetry between the both sides.
Statistical analysis
Data will analyze using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). The general characteristics were analyzed descriptive analysis. The correlation between the subjects' the lower limb muscle asymmetry during the STS and spatiotemporal gait asymmetry was analyzed using the Pearson correlation method. The statistical significance was set at P<0.05. The data were presented as the mean with standard deviation values.
RESULTS
General characteristics of the participants
The research participants included 21 males and eight females whose average age was 52.2±12.2 years old, average height was 165.5±7.0 cm, and average body weight was 65.2±9.5 kg ( Table 1 ).
The correlation between lower limb muscle asymmetry during STS and spatiotemporal gait asymmetry
The correlations between lower limb muscle imbalance during the STS and spatiotemporal gait symmetry were analyzed. There were significant positive correlations between GCM asymmetry and step length asymmetry (0.374) and between RF asymmetry and step length asymmetry (0.427). Furthermore, significant positive correlations between RF asymmetry and step time asymmetry (0.781) (Table 2, Fig. 1 ). In addition, significant negative correlations between the FTSTS and gait speed (-0.409) ( Table 2 , Fig. 1 ). Values are presented as number or mean± standard deviation. 
DISCUSSION
STS control is closely related to ambulatory ability. After a stroke, the brain's ability to perform the STS becomes asymmetric because of weakness on the affected side and the loss of postural control (Chou et al., 2003) . The peak power level required for one to rise from a chair may be related to leg muscle strength and the ability to walk (Cheng et al., 1998) . The present study has investigated the relationships between lower limb muscle asymmetry during STS and spatiotemporal gait symmetry in stroke patients. The results of present study found significant correlations between both lower limb muscle asymmetry during STS and spatiotemporal gait asymmetry.
The results of the present study showed positive correlation between GCM and RF asymmetry during STS and step length asymmetry during gait. Quadriceps muscle weakness may be related to loading asymmetry during the STS task (Christiansen et al., 2013) , and ankle plantar flexor strength contributes the most to STS performance (McCarthy et al., 2004) . Prudente et al. (2013) reported that the significant compensations occur on the nonparetic side instead of the paretic limb during STS task. Lower limb muscle strength and weight-bearing symmetry are related to STS in stroke patients (Lomaglio and Eng, 2005) . The results of the present study found that GCM and RF activity are asymmetrical during STS. Although this study measured only part (RF) of the quadriceps and part (GCM) of the plantar flexor, the results are the same as in the previous study. Ankle plantar flexor function is mainly active in the single-leg stance phase during gait (Lamontagne et al., 2002) . Allen et al. (2011) reported that patients with poststroke hemiparesis show a common impairment in the ankle plantar flexion moment impulse, but that different compensation mechanisms are utilized by patients according to the pattern of step length asymmetry. In a previous study, patients with a maximal vertical force difference of less than 30% of the patient's body weight between their legs during STS had better gait performance than other stroke patients (Chou et al., 2003) . Considering the present study's results, it seems that the asymmetry of RF and GCM muscle activity during STS affects the step length asymmetry during walking in stroke patients.
The results of the present study showed positive correlation between RF asymmetry during STS and step time asymmetry during gait. Development of ipsilateral quadriceps weakness after stroke is associated with delayed recovery of function (Harris et al., 2001) . Quadriceps weakness can decrease shock absorption capacity during walking, leading to accentuated symptoms and changes in gait patterns to maintain functionality (Clermont and Barden, 2016) . Spinoso et al. (2018) reported that knee extensor strength is correlated with step time, and suggested that muscle weakness results in temporal changes in gait. Considering the present study's results, it seems that the asymmetry of RF muscle activity during STS affects the step time asymmetry during walking in stroke patients. This finding corresponds to those of previous study (Park et al., 2016) that the observed that gait pattern changes are associated with weakness of the anterior thigh muscles.
The results of the present study showed that FTSTS times were significantly negatively correlated with gait speed. The FTSTS times correlated with functional muscle strength of the lower limbs and dynamic standing balance of stroke patients (Ng, 2010) . Stroke patients who take less time to rise from sitting show significantly better gait velocity, cadence, and stride time (Chou et al., 2003) . In addition, Chan et al. (2017) reported that FTSTS times are significantly correlated with Timed Up and Go test motor times. The result of present study found that a shorter FTSTS time is correlated with increased gait speed, consistent with previous findings.
The present study had some limitations. First, the sample size in this study was small. Second, we examined only a few lower limb muscles. Third, this study did not record kinetic data such as ground reaction force throughout the experiment. Future studies should include more muscle groups and collect kinetic data.
This study found a positive correlation between GCM and RF asymmetry during STS and step length, step time asymmetry during gait. FTSTS times were significantly negatively correlated with gait speed. Therefore, to improve step length and step time symmetry, it is necessary to apply exercises that focus on GCM and RF symmetry during STS. In addition, to improve gait speed, it is necessary to apply exercise that focuses on increase STS speed.
